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In the previous studies, we discussed the spatial equilibrium model applied in a perfectly
compefitive market. However, in some cases, the markef, may be explained in an imperfect
competition model. In a perfectly competitive market, the price difference between any two
demand markets is less than or equal to the transportation cost among those markets. But such
a situation may not oceur in an imperfectly competitive market, that is, the price ditference
between any two demand markets may be larger than the transportation cost. Then, in such a
case, the transfer of the product would take place among those two markets. In this study, we
would like to discuss the problem of ntroducing transfer into the spatial equilibrium model and
apply it to the Japanese milk industry.

INTRODUCTION

Price structure in the Japanese milk industry

It is useful to understand the complicated price structure (Fig. 1) of the Japanese
milk industry before we apply the spatial price equilibrium model to it. Dairy price
support in Japan was first implemented in 1961. Producer prices for manufacturing milk
were supported within a price “band” through intervention by the Livestock Industry
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Fig. 1. Structure of deficiency payment system in the Japanese milk industry
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Fig. 2. Price support in the Japanese milk industry

Promotion Council. Thereafter, the dairy price support policy was revised by the
Temporary Law on Deficiency Payments for manufacturing milk producers in 1966,

Price support is based on three linked policies: deficiency payments to manufacturing
milk producers, market intervention for certain dairy products, and state trading of dairy
praducts. The deficiency payment is the core of the price support program. Farmers
receive a deficiency payment equal to the difference between a guaranteed price and a

standard transaction price of manufacturing milk. The Japanese government conducts
both prices. (Fig. 2)

Faymentis are made to eligibie miik producers’ associations for a fixed quantity of miik
used for specified milk products. The specified milk products are butter, skimmed milk
powder, sweetened condensed whole milk, sweetened condensed skimmed milk, whole
milk powder, sweelened milk powder, condensed whole milk, skinnuned milk for animal
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milk products”.

The guaranteed price is sct to maintain the production of raw milk in districts where
most of the milk enters the manufacturing sector. Milk production costs in Hokkaido have
served as the base for this price in recent years. The standard transaction price is based
on the selling price of milk products after deductions are made for average manufactiuring
and handling costs. The stabilization indicative price is the domestic market price for the
designated products. )

If the domestic market prices of designated products were not maintained at least at
the stabilization indicative price, manufacturers would have no incentive to buy raw milk
at the standard transaction price. Intervention purchases of designated products by the
Livestock Industry Promotion Council are designed to maintain that incentive,

Intervention is based on deviations from the stabilization indicative prices. The
Livestock Industry Promotion Council is expected to purchase designated products when
offered by manufacturers or milk producers’ associations at prices equal to 90 percent of
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the stabilization indicative prices. There are some conditions when these purchases may
not be required. The Council may sell a designated product when its market price is 104
percent of the stabilization indicative price.

The background of this study

There is not much difference between the quality of fluid milk and that for further
processing Chereafter referred to as “manufacturing milk™). However, in most countries,
the fluid milk price ts higher than the price for manufacturing milk. This is because the
policy in each country is usually set up to alleviale the seasonal variation in the price and
supply of raw milk.

The total revenue of a raw milk producer is relative fo the price discrimination
existing between fluid milk and manufacturing milk. Such price discrimination can exist
because fluid milk demand has less price elasticity than the demand for manufacturing
milk (i.e., an equal percentage of change in both prices results in a smaller percentage of
change in the demand quantity for fluid milk). Additionally, the selling quantity of fluid
milk is restricted in comparison to manufacturing milk. Therefore, if the fluid milk price
is kept higher than that of manufacturing milk, then, even if the same level of total supply
is maintained, producers may still be able to increase the total revenue. For this reason,
milk producers and sellers try Lo make fluid milk premiums as large as possible.

It is necessary to prevent not only a conflict of interests among producers, but also
the liguidation sale of checaper manufacturing milk as fluid milk. In order to gain the
advantage of selling at and maintaining the premiums, according to Suzuki (1994), the
following conditions should be met:

1) Establish regional unitary organizations of milk shipment and sale;

2) Pay dairy farmers at the pooled or blend price (a weighted average price for milk
sold in the fluid and manufacturing milk markets); and,

3) Form regulations regarding the prohibition of liquidating manufacturing milk as
fluid milk.

To maintain these conditions and keep the production and price of milk stable, most
countries’ governments intervene in their dairy industry.

In Japan, the Deficiency Payment Law for manufacturing milk was enacted in 1966 to
maintain the stability of the dairy market, The contents of this law include the
designation of only one legal organization of raw milk producers (Shitei Seinyu Seisansha
Dantai, abbreviated as “Shiteidantai”) in each prefecture (Tofuken) that can deal with the
prefecture’s milk supply based on this law. Af that time, the production of raw milk was
small and most of it was traded within each prefecture. Because of substantial increases
in production and the technological improvement of transportation, the marketing of raw
milk broadened, crossing prefecture boundaries throughout the country as Table 1
indicates. Furthermore, following the GATT Uruguay Round, the manufacturing milk
market in Japan is going to become international.

Under the open market, we have to reform the demand and supply adjustment
system of raw milk based on the Deficiency Payment Law. For example, Japanese
organizations may have difficulty in maintaining their current degree of market power
after dairy trade liberalization under GATT, because decreases in manufacturing milk
prices will cause more competition between Hokkaido and the rest of Japan over fluid
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milk marketing. Fluid milk prices may decline sharply if coordination between the two
regions collapses. Therefore, Japanese organizations are now seeking a new system to
avoid chaos in the fluid milk markel after dairy import quotas are replaced by a tariff
equivalent.

Milk markets are not perfectly competitive. Price discrimination exists between fluid
and manufacturing milk markets, reflecting the market power of designated organizations
and processors; {i.e., fluid milk prices or premiums are determined by the degree of
competition in the milk market). Therefore, a measure of the degree of market compe-
fition should be introduced in the econometric model. For the Japanese milk market,
some imperfect competition models have been developed. For example, a two-region
model that focuses on competition and coordination between Hokkaido and the “Tofuken”
(the rest of Japan) was used Lo evaluate the effects of reduced Japanese milk price
supports. The other one is a national model develeped for the evaluation of the
effectiveness of generic milk promotion. Kawaguochi and Suzuki {1993, 1994) developed a
spalial model of the imperfect competition equilibrium for multiple regions.

The problem regarding the reform of the demand and supply adjustment system of
raw milk is not unique to Japan, but is also faced by the USA and other countries after the
GATT Uruguay Round agreement. The new agriculture law for the USA which was
enacted on April 4, 1996 includes: 1)} The policy of supporting payment for manufacturing
milk will be canceled by degrees gver four years; and, 2} The existing system of 33
marketing orders is going to be reduced to 10 to 14 orders. This reformation is a hot
topic. Due to a similar situation, the USA's analysis in reform of the demand and supply
adjustment, system in the raw milk market may apply to our econometric model.

If we lock back over our former research process, there are stifl two fundamental
problems to be resolved and presented regarding the improvement of the existing
econometric model. First, we have to consider the possibility of transfer among markets
in the imperfect competition model (oligopolistic market). If the price difference is larger
than the transportation cost (or transaction cost) between two different local markets,
the transfer may occur between those markels. Secondly, a simplification of the division
of the whole target area needs to occur such that each local area includes only one
designated organization in the existing model. However, in practice, some local areas
cover more than twoe designaied organizaiions. The problem is how to amend the exisiing
model to closely represent the real world. We focus our attention on the first problem in
this study. .

It is hard to analyze the whole structure of this imperfect competition model with the
limits of available space. Therefore this study is restricted to the following discussion,
assuming the designated organization of the Cournot—Nash type. In other words,
producers in each producing region determine their export and production quantities in
accordance with the Nash non-cooperative rule: to maximize their profits by assuming
that their decisions do not affect those of producers in other producing regions.

DESCRIPTION OF THE EXISTING MODEL

The current model we are researching is called a Spatial Nash equilibrium model. It
incorporates a “dual structure” which describes the behavicr of an oligopolistic market
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Table 1. Regional demand and supply of the Japanese raw milk market (199:4)

Input Fluid nilk rmarkets (10,000 tons) Total of
Output 1 2 3 4 5 6 7 8 9 fluid milk
1 Hokkaido 23.4 31 230 0.8 50 148 0.1 n 0 70.3
2 Tohoku 0 25.2 30.7 0.6 2.1 23 0 4] 0 60.8
3 Tozan 06 129 1122 1.7 6.7 6.4 1.1 { 2.5 144.0
4  Hokuriku 0 0.1 1.3 149 0.6 0.3 0 ( 0 17.2
5 Tokai 0 0.6 4.7 0.7 41.4 3.7 0.1 0.1 0.2 51.6
6  Kinki 0 0 3.0 0.1 06 195 4.2 5.5 ¢ 33.0
7 Chugoku 0 0 0.8 0 02 128 230 0.4 1.0 38.3
§  Shikcku 0 0 0.5 0 0 105 05 9.0 0.1 20.6
9  Kyushu 0 [i] 5.9 0.1 03 87 37 0.1 474 64.1
Total 24.0 41.9 182.1 188 56.9 7.0 32.7 15.2 51.3 499.9
Manufactured milk ruarkets Total
withir-quota over-quota  subtotal (l_QL(lOO tons)
1 Hokkaido 188.0 87.9 2759 346.1
2 Tohoku 16,7 131 298 90.6
3  Tozan 12.1 113 233 167.4
4 Hokuriku 06 01 0.4 17.7
5  Tokai 3.2 0.6 38 53.4
6  Kinki 0.1 2.0 2.1 35.1
7  Chugoku 1.3 2.6 39 42.2
8  Shikoku 1.2 0.8 2.0 22.6
9  Kyushu 11.9 5.9 17.7 81.9
Total 2351 1241 3591 859.0
Pooled price  Fluid milk within-quota  Authorization ;
" price quant;\.l' (1) quantity (2) E‘“?S)“igg‘f‘““‘
(venkg)  (ven'kg) (10,000 ¢tens) (10,000 tons) i
1  Hokkaido| 7490 10442 1880 215.0 270
2 Tohoku 85.69 101.74 16.7 17.8 12
3 Tozan 94.15 10268 121 128 09
4 Hokuriku | 103.43 105.00 086 0.7 0.1
5  Tokai 97.24 105.10 32 3.4 02
6  Kinki 103.60 103.37 0.1 0.1 0.0
7 Chugoku 96.04 102.79 1.3 1.4 121}
8  Shikoku 99.12 101.95 1.2 13 0.0
9  Kyushu 96.13 104.61 115 128 0.9
Total 2350  26b.3 30.3

characterized as a Nash non—cooperative game. The details of the model are described by
Kawaguchi and Suzuki (1994), Kawaguchi et al. (1994). In this study we only present the
essentials due to the limited number of pages.

The whole target area of this analysis was divided into 9 regions all over Japan, with
the geographical scope of producing region i the same as consuming region i (refer to
Table 1). Small-scale raw milk producers connect with the designated organization and
then consign raw milk marketing to the organization in each producing region. The
designated organizations sell the consigned raw milk as profitably as possible throughout
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Table 2. Linear demand function of fluid milk for each region (1993)

Basic Data
Demand functions of fluid milk Demand, D Fluid milk price Price elasticily

(10,000 ton) PD (yervkg) of demand
b{l)= 44.2600 - 0.1938 X PD (1) 24.0287 104,42 -0.842
D)= 741382 - 0.3170 % PD (2) 41.8860 101.74 -0.770
D)= 2037660 - 1.0873 X PD (3) 182.1240 102.68 -0.613
D)= 32.9086 - 0.1341 X PD (4) 18.8270 105.00 ~0.748
D{5)= B7.6106 - 0.2927 X PD (B) 56.8531 105.10 ~0.641
D(6) = 137.9956 - 0.5900 X P (8) T7.0065 103.37 -0.792
D7) = 54.5941 - 0.2127 X PD (7) 32.7303 102.79 -0.668
D8 = 23.4613 - 0.0814 X PD (8) 15.1657 101.95 -0.547
D)= 95.0161 - 0.4179 X PD (9) 51.3046 104.61 -0.852

Table 3. Linear supply function of raw milk for each region (1993)

Basic Data
Supply functions of raw milk Supply, 5 Pooled price Price elasticity
{10,000 ton} MP {ven/kgl of supply |
S{D= -97.1262 + £5.9181 X MP (1) 346.1376 74.90 1.2806
S5(2)= 32008 + 10953 x MP (2) 90.6463 86.69 1.0354
S(3)=  -63.6384 + 2.4537 x MP (3) 167.3814 64,15 1.3802
S{4d)= -14.3267 + 0.3005 = MP (4} 17.6873 103.43 1.8100
S{B)= -45.0004 + 1.0339 X MP {5) 55.4413 97.24 1.8133
5(6)= 231160 + 0.1154 x MP (6} 35.0721 103.60 0.3409
S(7)= -14.2531 + 06880 X MP (7} 42.2190 96.04 1.3376
5(8) = 1.7684 + 0.2100 x MP (&) 22,5848 99.12 0.9217
5(9) = -80.1639 + 1.6855 x MP (9) 81.8584 H6.143 1.9793

Japan and decide how to distribute the revenue in advance based on the pooled milk price
(caiculated by a fixed formuia). There is one thing different from the usual oligopolistic
firm in this case. The profit does not beleng to the designated organization, but should be
returned to the members of the cooperative association {producers).

The designated vrganizations can sell the raw milk either for fluid milk or for
manufacturing materials in each consuming region. Moreover, the government pays the
designated organization a deficiency payment that is equal to the difference between the
guaranteed price and the standard transaction price within the permitfed quota.
Manufacturers are obligated to buy raw rilk at the standard transaction price for milk
sold. Fluid milk prices that are determined by negotiation between the manufacturers
and designated organizations are variable through the relation of demand and supply.
Needless to say, the price may be affected by the degree of competition or cooperation
among the designated organizations.

These designated organizations pay the small-scale producers af the prefecture—wide
uniform pooled price, then each producer can determine the quantity of raw milk he will
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Table 4. Unit transportation cost of raw milk {Unit: yen / kg)

Hokkaido Tohoku  Tozan Hokuriku Tokai Kinki Chugoku Shikoku Kyushu

1 P 3 4 5 6 7 8 9
Hokkaido 1 0 14.79 17.11 20.25 19.49 17.58 23.95 20.06 31.36
Tohoku 2 14.79 ] 843 11.15 15.06 17.41 22.88 19.90 26.14
Tozan 3 17.11 843 0 .40 8.75 11.93 17.41 14 42 23.67
Holurikn 4 2025 1150 9.40 0 6.49 8.75 14.28 10.78 20.54
Takai 5 19.49 15.06 8.75 6.49 0 5.52 11.15 7.88 17.41
Kinki 6 17.58 1741 11.93 8.75 5.52 0 811 3.92 14.28
Chugoku 7 23.95 2288 17.41 14.28 11.15 8.11 0 6.18 8.75
Shikoku 8 20.06 19.09 14.42 10.78 7.88 3.92 6.18 0 12.62
Kyushu 9 31.36 29.14 23.67 20.54 17.41 14.28 8.76 12.62 0

Source: Please refer to Suzuki and Kawaguchi (1996), Table 7.

produce, Namely, the small-scale producers are assumed to behave as price-takers. The
designated organizations receive a 2—yen/kg commission on sales after the transportation
fee is deducted as a cost (as Table 4 indicated). In addition, the designated organizations
cannot contro] the raw milk production and consigned quantity for dairy farmers, which
are decided by those farmers themselves and based on the pooled price. Although the
federation of designated organizations set up short—-run production limitations, there is no
production limitation for the long run becanse of the change in the short—rm limitation’s
self. '

The relation between each producing region’s production and pooled price, as shown
in Table 3, is the region’s supply function (the same as the marginal cost function), and
the relation between each consuming region’s fluid milk demand and its market price, as
shown inn Table 2, is their respective demand function. To make the model obvious we
still maintain the deficiency payment but ignore the production limitation.

The modei incorporates a “dual structure™ in which there are oligopolistic designated
organizations (consignment sellers or producer marketing boards) and perfectly
competitive producers {price-takers) receiving pooled returns, Actually, the raw milk
market is an imperfectly competitive market composed of designated organizations and
giant dairy manufacturers (i.e. Snow Brand, Meiji, and Morinaga). In addition, there are
nurnerous geographically separated producing regions that make the model complicated.
Therefore, we call this model a dual structure imperfect competition spatial equilibrium
model.

THE PROBLEM TO BE SOLVED IN THIS STUDY

Considering the above dual structure imperfect compétition spatial equilibrium
model, the designated crganizations maximize sales revenues for consigned milk, and
return the pooled price to milk producers. The problem is how to decide the equilibrium
of the consigned milk quantity and the pooled price. We can get the answer by solving
the Quadratic Programming Problem (QPP) or Linear Complementary Problem (LCP)
{Kawaguchi and Suzuki (1993, 1994), Kawaguchi et al. (1994)). In this paper, we do not




242 L. Linetal

explain the formulations for solutions for both methods.

Because any designated organization can, individually or in coalition with other
designated organizations, sell the consigned milk as a price-taker or according to
Ceournot-Nash behavior, many combinations of marketing behavior for designated
organizations can be simulated.

If designated organizations behave as price-takers, and each designated organization
maximizes its sales revenues by assuming that its decisions do not affect those of
designated organizations in other prefectures, then we can call this case the “dual
structure” perfect competition spatial equilibrium model (the solution is shown in Table
5). The amount of mitk allocated to the fluid market in the perfect competition solution is
substantially higher than the actual amount allocated (see Table 1). This is due to the
assumptiont that agents act asg price—takers, which results in the equality of the
price-across—markets net for fransportation costs, instead of the equality across markets
of the “perceived” marginal revenues net for transportation costs. Consequently, fluid
milk prices and producer—poocled prices in the perfect competition case are much lower
than actual ievels. In this case, however, the difference in fluid milk prices across markets
is the same as the transaction costs across markets, making profitable intermarket
transfers impossible.

If each designated organization acts according to the Nash non-cooperate rule, and
each designated organization maximizes its sales revenues by assuming that its decisions

Table 5. Equilibriurm solutions under dual-structure of perfectly competitive markets (1993)

Input Fluid milk markets {10,000 tons) Total of
Output 1 2 3 4 5 6 7 8 9 fluid milk
1 Hokkaido 30.9 0 367 ¢ 176 522 0 [t} 0 137.4
2  Toheku 0 486 214 8.5 0 0 b} 0 0 79.5
3  Tozan 0 0 1423 0 0 0 0 0 0 142.3
4 Hokuriku 0 0 0 125 0 [t} 0 0 0 12.6
5  Tokai 0 0 0 0 441 [ 0 0 0 44.1
6  Kinki 0 0 0 0 0 329 0 4] 0 329
7 Chugoku 0 0 0 0 0 0 36 0 0 36.0
8  Shikoku 0 0 0 0 0 19 0 16.7 0 18.7
9  Kyushu 0 0 0 0 0 0 0 0 595 58.5
Total 309 496 2003 21.0 618 870 360 16.7 595 562.9
Manufactured milk markets Total Pooled price Fluiid milk price
within-guota over-quota  sublotat (10,000 tons) | Crenke) (yenkg)
1 Haokkaido 188 0 188 3264 Tl4 68.8
2 Tohoku 0 0 0 795 75.5 s
3 Tozan 0 0 0 142.3 83.9 85.9
4 Holkuriku 0 0 0 126 86.6 858.6
5  Tokai 0 0 0 44.1 86.3 88.3
6  Kinki 0 0 0 329 844 86.4
7 Chugoku 0 0 0 36 85.5 87.5
8  Shikoku 0 0 0 187 80.6 8256
4  Kyushu 0 0 0 595 82.9 84.9
Tota} 188 0 188 750.9
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do not affect those of designated organizations in other prefectures, then we can call this
case the “dual structure” Nash imperfect competition spatial equilibrium model (the
solution is shown in Table 6). From Table 6, we can see that, in the case of imperfect
competition, fluid milk prices are higher and producer pooled prices are a little lower than
actual levels. However, in this case, the regional fluid milk and producer pooled prices in
this solution are closer to the actual price than the perfectly competitive case. Compared
to Table 5, Table 6 is more complicated in the makeup of the fluid milk shipments, but the
mutual transactions across regions is an attractive point,

Considering the solutions in Table 6, we can find that the fluid milk price differences
across some markets are larger than the transportation costs (their differences are shown
in Table 7). For example, the fluid milk price difference between Tokai (region 5) and
Kinki (region 6) is 109.093-102.125=6.968 yen/kg, which is larger than the transportation
costs among these two regions of 5.52 ven/kg. Thus, the transfer from Kinki to Tokai may
occur in reality.

We can make an example of this transfer: That is, there is one dairy company and in
its Kinki factory it purchases the fluid milk which is transferred to its factory located in
Tokai. The milk can be processed and packed there, or in its Kinki factory before
shipping.

The result of the transfer decreases the quantity of final fluid milk consumed

Table 6. Fquilibrium solutions under dual-structure of Nash imperfectly competitive markets {1993)

Input Fluid milk markets (10,000 tons) Total of
Output 1 2 3 4 b 6 i 8 9 Muid milk
1 Hokkaido 8.5 86 28 2.6 7.1 11.4 3.8 1.9 4.8 76.6
2 Tohoku | 49 12.1 33.5 3.3 T4 9.3 3.2 1.6 42 79.4
3 Tozan 5.2 106 46.6 4 10.3 14.7 52 23 8 106.9
4 Hokuriku 0 14 7.7 1.8 3.2 1 02 05 0 15.8
b} Tokai 1.7 386 20.4 24 8.3 94 3.2 1.6 42 549
6 Kinki 0.9 09 10.3 1.2 4.9 9.1 2.6 14 3 34.3
T Chugoku | 08 1 10.5 1.3 5 7.7 b.b 1.7 7 41.1
8 Shikoku i} 0 5.3 0.7 3.6 6.5 2.5 16 28 22.0
9 Kyushu 1.2 2 14 1.7 5.9 9.6 B.7 2 153 57.2
Total 23.1 40.2  176.2 18.9 55.7 7.7 31.9 1486 50.0 488.2
Manufactured milk markets  Total Pooled price  Fluid milk price
withi-quota over-quota  subtalal (10,000 tons) {yenk) (venkg)
1 Hokkaido 188.1 825 2705 347.0 76.0 109.0
2 Tohoku 16.7 1] 16.7 96.1 90.7 107.1
3 Tozan 15.8 30.3 46.2 163.0 88.3 108.1
4 Hokuriku 0 0 0 15.8 97.6 104.7
5 Tokai 0 B 0 54.9 96.7 109.1
6  Kinki 0 0 0 343 96.8 102.1
7 Chugoku 0 (] 0 41.1 94.2 106.9
8  Shikoku 0 0 0 22.0 96.2 108.4
9 Kyushu 11.9 0 11.9 69.1 88.6 108.1
Totai 2324 1128 3451 833.3
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Table 7. Price difference of fltid milk in the case of table table 6 (yen/kg)

. 1 2 3 4 5 6 T 8 9
1 Hokkaido 0
2 Tohoku 1.916 0
3  Tozan 0.881 1.035 0
4 Hokuriku 4.306 2.390 3.428 0
5  Tokai 0.096 2.012 0.977 4.402 0
6 Kinki 6.872 4.956 5.991 2566 *6.968 0
7 Chugoku 2.073 0.157 1.192 2.233 2.169 4799 0
8  Shikoku 0.613 1.308 0.268 3.693 0.709  *6.259 1460 0
9  Kyushu 0.904 1.012 0.023 3.402 1.000 968  1.169 0.201 0

* indicates that the value is larger than the unit transportation cost.

(demanded) in the Kinki region by the amount of the transfer. At the same time, the
Kinki fluid milk price increases according to the fluid milk demand function for the Kinki
region. Conversely, the final fluid milk consuming quantity for Tokal increases by the
amount of transfer, and its price decreases. This kind of situation will lead to a decrease
in the difference of these two region’s fluid milk prices, and finally to make the price
difference equal to the transportation cost between these two regions. The adjustment
will be able to reach the new equilibrium condition. However, if we want to obtain the
new equilibriim condition by allowing the transfer, we need to consider how to amend
the existing model.

INTRODUCING OF THE TRANSFER INTO THE EXISTING MODEL

The details of our existing model are shown in Kawaguchi and Suzuki (1993, 1994),
and Kawaguchi et al. (1994). Here, we only consider the transfer factor in order to
amend the existing model.

The original guadratic programming model is conveniently used to generate
equilibrium fluid milk prices and guantities in the sales maximization problem. For any
pair of region i and j which the transier is aliowed, ail we have io do is W add the following
new censtraints to the QPP:

PDj-PDi=tij

PDj : the fluid milk price in region j

PDi : the fluid milk price in region 1

tij  :unit transportation cost between region i and region j

If we let the transfer quantity from region i to region j equal XT (i, j), the new
additional optimal conditions of QPP can be expressed as:

XTG,)=0

XT (G, D [PDi-PDi—tijl = 0

FDj - PDi=tij,
and the existing optimal conditions concerning the equilibrium demand of fluid milk in
region j and i are revised as follows: ' :

fluid milk demand in region j=total supp!ly from all regions to region j+XT (, j)




Introducing the Transfer of Products into the Spatial Bquilibrivwm Model 245

fluid milk demand in region i=total supply from all regions to region i-XT (i, j).

Considering the above conditions, a positive XT (i, j} means the transfcr occurs and
that the fluid milk price difference between two regions is equal to the transportation cost
between those regions. On thc other hand, the fluid milk price difference cannot be
larger than the transportaticn cost. If transfer occurs, the fluid milk demand in region i
decreases by the amount of XT (i. j), and on the other side, the fluid milk demand in
region j increases hy the same amount.

The above case is regarding the reform of the demand and supply adjustment system
in the Japanese raw milk market. Based on the amended model allowing the transfer, the
solution of the “dual structure” Nash imperfect competition spatial equilibrium model is
obtained and shown in Table 8. We can also calculate the fluid milk price difference
(shown in Table 9) based on Table 8, figures which are less than or equal to the
corresponding transportation cost.

There are two examples of transfer occurring here. The first is 23.731 thousand tons
of fluid milk transferred from the Kinki region to the Tokai region. The second one is
13.855 thousand tons of fluid milk moved from the Kinki region to the Shikoku region.
Furthermore, from this adjusted equilibrium fluid milk demand, we can get the
equilibrium price.

Table 8. Equilibrium solutions under dual-structure of Nash imperfectly competitive markets allowing
the transter (1993)

Input Fluid milk markets (10,000 tons) Total of
Output 1 2 3 4 5 6 7 8 9 fluid milk
I Hokkaido 8.5 86 28 26 89 118 38 1.9 48 76.7
2 Tohoku 49 121 334 33 7.1 9.7 3.2 1.5 4.2 79.4
3 Tozan 52 106 466 4 10 15.1 52 22 8 107.0
4 Hokuriku 0 14 7.7 1.8 3 14 0.2 0.3 0 15.8
5  Tokai 1.7 3.6 203 2.4 8.1 9.8 32 L6 1.2 54.8
6  Kinki 0.9 0.9 103 1.2 4.7 9.5 2.6 1.3 3 34.4
7 Chugoku 0.8 1 10.5 1.3 4.7 8 b 1.6 Vi 41.1
&  Shikoku 0 0 53 0.7 34 5.9 25 1.6 28 21.9
9 Kyushu 1.2 2 14 L7 5.6 10 5.7 1.8 15.3 57.2
Total 23.1 40.2 1762 18.0 b3.b 81.1 318 13.4 49.8 488.1
Manufactured milk markcts Total Pooled price  Fhuid milk price
withinqueta  over-quota  subtotal (10,000 tons) {yervkg) (venkg)
1 Hokkaido 188.0 824 2704 347.0 75.1 109.0
2 Tohoku 16.7 0 167 96.1 90.6 107.1
3 Tozan 158 302 46.1 153.0 88.3 108.1
4 Hokuriku 0 0 0 158 972 104.7
5  Tokai 0 1} 0 54.8 96.6 108.3
6  Kinki 0 B 0 34.3 96.9 102.8
7  Chugoku 0 0 0 411 94.1 107.0
8  Shikoku 0 0 0 219 96.0 106.7
9  Kyushu 11.9 0 119 69.1 885 108.1
Total 2324 1126 3450 833.0

XT(6, 5)=2.3731, XT(6, 8)=1.3855
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Table 10 shows the price—quantity rclations of the raw milk supply function and the
fluid milk demand funetion hold through the solutions in Table 8 (pooled price, fluid milk
price, raw milk supply, fluid milk demand, and fluid milk transfer quantity).

If each designated organization acts according to the Nash non—cooperative rule, and
the designated organization of region i increases its shipments to region j, the marginal
revente should be equal to PDi—-(1/Bj)Xij based on the Table 2 demand function of fluid

milk market | (Dj=Aj-BjPD)).

In other words, if we increase cne unit of shipment, the

total revenue increases by one unit of market price which, at the same time, decreases
the market price in the amount of 1/Bj. The total shipment quantity is Xij, so the total
revenue increase is in the amount of PDj—(1/Bj)Xjj (see Table 11).

Table 9. Price difference of fluid milk in the case of table 8 (yen/kg)

_ 1 2 3 4 5 £ T 8 9
1 Hokkaido 0
2 Tohoku 1912 0
3 Tozan 0.877 1.035 [H]
4 Hokuriku 4802 2300 3495 0O
5  Tokai 0711 1201 0166 3591 O
6  Kinki 6231 4319 5364 1929 5520 0
7 Chugoku 2069 0157 L1192 2233 1358 4162 0O
8  Shikoku 2811 0099 1484 1991 1600 3920 0243 0
9  Kyushu 0,903  L009 0026 3399 0192 5328  1.166  1.408
Table 10. Analysis of the result. of table 8

e MW milk supply (10,000 tons) - __Pooled price {yer/kg)
5= -97.1262 +5.9181 - (75.0519) = 347.0384 PP(l)y= 750510
5(@) = ~3.2089  ~1.0953 - (90.6270) = 96.5490 PP (2) = 90.6270
5(3)= ~63.6384 +2.4537 - (88.2975) = 153.0172 PP (3)= 882075
5(4) = -14.3267 +0.3005 - (97.1839) = 15,7623 PP (4} = 97.1859
SR G ~45.0004  +1.0339 - (98,5900 = 54.7842 PP (5) - 94 5009
5(6) = -23.1160 +0.1154 - (96.8584) = 34,2035 PP(f)=  96.8384
SN = -14.2531 +0.5880 - {94.1309) = 41.0959 PP{7}= 941309
5(8) = 1.7684 +0.2100 - (96.0368) = 21.9359 PP(8)=  96.0358
5{9) = —-80.1639 +1.6800 « (88.5424) = 69.0743 PP (9) = 88.5424

’ Fluid milk demand (10,000 tons) C 7 T Flwid milk price (verv/kg)

D)= 442608 -0.1938 - (109.0230) = 23.1322 PO () = 109.0230
D)= T4.1382 —(.3170 - (107.1110} = 40.1840 PD(2) = 1071110
D(3) = 283.7660 -1.0873 - (108.1460) = 176.1789 FD(3) = 1081460
D)= 32.9096 -0.1341 - (104.7210) = 18.8665 PD(4)= 1047210
D)= B7.6106 -0.2927 - (108.3120) = 559077 PD(5)= 1083120
D(6) = 137.9956  -0,5900 - (102.7920) = 77.5483 PD(6)=  102.7920
D(7) = 545941 -0.2127 - (106.9540) = 31.8450 PD ()= 106.9540
D8 = 234613 -0.0814 - (106.7120) = 14.7749 PD(8) = 106.7120
D9 = 95.0161 -0.4179 - (108.1200) = 49.8328 PD{9) =  108.1200
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Table 11, Marginal revenue decreases of (1/B7) Xij, accorapanying the decrease of fluid milk market price

Fluid milk markets {yen/kg)
Producing regions 1 2 3 4 5 6 T 8 9
1 43.763 27.061 25776 19211 23562 199562 17.7 21392 11610
2 26278 38156 30.761 24616 24.297 16427 15119 17.8567 10.025
3 26.663 33421 42886 30061 34302 25602 24284 27.032 19.190
4 0.000 4.297 7.802 13.067 10.158 2.378 1.011 4.268 0.000
5 8.863 11.370 18716 175650 27.631 16591 15123 18151 10,029
6 4.669 2.926 9441 9196 16.017 16.017 12.068 16017 7.066
7 4.025 3.183 9.688 9393 16.114 13634 25906 19484 18322
8 0.066 0.000 4.829 5.044 11.535 9976 11.877 17815 6.603
9 6.054 6351 125661 12561 19282 16892 26584 22472 36.500

If cach designated organization rnaximizes total revenue, then marginal revenue must
be equal to each other. This holds true in the example as well. It should be also noted
that we can apply the method of this study to introduce transfer of product into other
tvpe of spatial equilibriumm model of imperfectly competitive market, where any
designated organization can sell the consigned milk in coalition with some other
designated organizations.
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